Introduction
The one-humped camel (Camelus dromedarius) is a seasonal breeder with a relatively short breeding period, when increased ovarian activity is exhibited (Shalash, 1965 (Shalash, ,1980 Nawito, Shalash, Hoppe ¿St Rakha, 1967 ; Novoa, 1970) . In Israel, the normal breeding season occurs from December to early April. Female camels come into heat during this period and exhibit mainly follicular activity; there is no cyclic luteal phase (Nawito et ai, 1967; Musa & Abusineina, 1978b; Shalash, 1980; Elias, Bedrak & Yagil, 1984a) . The follicular wave covers the period of time between the acceptance of the male by the female, with the associated changes in the ovaries, and her reacceptance of the male, indicating the start of a new wave (Nawito et ai, 1967; Shalash, 1980) . Nawito et ai (1967) divided the follicular wave into the (a) mature follicular stage; (b) atretic follicular stage; (c) non follicular stage; and (d) growing follicular stage. Ovulation in the camel does not occur spontaneously, as in the cow, ewe or goat, and the copulatory stimulus for its induction is indispensable (Nawito et ai, 1967; Novoa, 1970; Shalash, 1980; Elias et ai, 1984a) .
Studies of the reproductive endocrine cycle of the male camel in Israel (Bodenheimer, 1954; Yagil & Etzion, 1980; Bedrak, Rosenstrauch, Kafka & Friedländer, 1983) have shown that the male has pronounced sexual activity from December to March or April, as indicated by hormonal and behavioural changes. In the non-breeding season there is reduced testicular activity (Sharma, 1981 ; Bedrak et ai, 1983; Friedländer, Rosenstrauch & Bedrak, 1984) associated with decreased serum testosterone concentrations (Yagil & Etzion, 1980; Bedrak et ai, 1983) . It is generally accepted that the male camel has a period of sexual activity which corresponds to the oestrous period of females (Volcani, 1954; Charnot, 1964; Abdel-Raouf, Fateh El-Bab & Owaida, 1975; Yagil & Etzion, 1980 Musa & Abusineina, 1978a fig. 1 ), in which oestrus recurred 7 days after the first mating. Oestrus was identified by the acceptance of the male for mating (Nawito et ai, 1967) and the presence of mature follicles, as detected by rectal palpation (Elias et ai, 1984b) . Libido was checked daily (08 :00 and 18 :00 h) before and after induction of oestrus by exposing all the females to the male for 30 min. Although all the females were exposed to the male, only the 5 experimental camels were allowed to mate. This procedure was employed from Day 2 to Day 20 after the injection of PMSG. Immediately after mating, a sample of semen was collected from the vagina (cotton swabs) and examined by routine procedures for motility and abnormality of spermatozoa.
Induction of oestrus and collection of blood samples. All 7 female camels were treated with a single intramuscular injection of PMSG (7000 i.u. Vetserigon, product of Israel Agriculture) on 11 October 1982 (09:00 h). Blood samples were taken from the females 5 days before PMSG injection and every day between 08 :30 and 9:30 h up to 20 days after injection, and every 5 days during the period 20-30 days after the last mating. In the period 30-60 days after the last mating, females were bled every 10 days (between 08:30 and 09:30 h) on the days specified (Text- fig. 2 ). Blood samples were also taken from the male at various periods throughout the experiment, i.e. 5 days before the injection of PMSG into the females, and 10 min before and 30 min after mating. The procedures for blood sampling and handling of serum were as previously described (Elias et ai, 1984a) .
Hormone measurements. The concentrations of progesterone and testosterone in the serum were determined by radioimmunoassay as described in detail previously (Bedrak, Chap & Fried, 1979; Elias et ai, 1984a) . In brief, if the sensitivity of the method is defined as the least amount of unlabelled steroid which significantly displaces the labelled steroid from the antibody-labelled steroid complex, then 12-5 pg was significantly different from the zero point at an antiserum dilution 1:10 000 (for progesterone) or 1:16 000 (for testosterone). Thus, the routine working range covered by the standard curve was 12-5 to 800 pg. The values for the coefficient of variation in the intra-assay and interassay measurements carried out with each method were, respectively, less than 11% and 17% for progesterone, 4-2% and 9-3% for testosterone. The concentration of oestradiol-17ß in the serum was determined by RIA (kit purchased from Iso-Pac Limited, Jerusalem, Israel). The minimum sensitivity, intra-assay and interassay coefficients of variation were 12-5 pg/ml, 6% and 20%, respectively.
Results

Induction of oestrus after PMSG injection
The appearance of oestrus after PMSG injection varied from 2 to 16 days (Text- fig. 1 ). 5-10 days. In the 2 controls, oestrus began 5 days after injection and lasted 14-17 days, as it did in the camel from the experimental group that did not mate. Oestrus recurred several times in all the camels, including those that conceived (Text- fig. 1 ).
Physical changes revealed by rectal palpation Rectal palpation revealed quiescent ovaries (absence of follicles and corpora lutea) in all camels before the start of the experiment. In all 7 camels rectal palpation after the PMSG injection revealed variable numbers of mature follicles, mainly in the left ovary (Text- fig. 1 ). In 3 out of the 4 camels that mated, conception took place (fertile mated camels), as determined by rectal palpation on Day 50 after the last mating (Text- fig. 1 ), and on Day 10 after mating, CL were palpated on the left ovary (Text- fig. 1 ). In these 3 females, the pregnant left uterine horn was larger and softer than the non-pregnant one on Day 50 after the last mating. The increase in size was uniform throughout its length. These findings, the presence of a CL and a higher serum progesterone concentration (Text- fig. 2b ) confirmed pregnancy in these camels. The physical examination on Day 60 revealed that the CL of pregnancy had undergone partial regression (as compared with that determined previously by rectal palpation), and both uterine horns contracted upon touch with a slow increase in the tone of the uterus. The level of progesterone dropped markedly (Text-fig. 2b ). These findings suggested that pregnancy was interrupted between Days 50 and 60 after the last mating. No CL were found in the unmated camels on Day 10 after PMSG injection (Camels 1, 2 and 5) or in Camel 6 which mated but did not conceive 10 days after the last mating. (Text-fig. 2a) , concomitant with the rise in progesterone concentration (Text- fig. 2b ). The unmated females (Nos 1, 2 and 5) showed a single peak in serum oestradiol (Text- fig. 2a ), which was almost identical with the first peak detected for the fertile camels.
Serum concentrations ofprogesterone
In all camels progesterone concentrations were <0-6 ng/ml before the start of the experiment. In Camels 3, 4 and 7 the progesterone values increased to > 1 ng/ml within 2-3 days after mating (Text-fig. 2b ).
Serum concentrations of testosterone
Testosterone value in the male was 1-6 ng/ml 5 days before the injection of PMSG into the female camels. However, the value was 28-6 ± 2-1 ng/ml 10 min before mating and dropped to 18-3 ± 3-8 ng/ml at 30 min after mating. The testosterone concentration in the neck gland secretion collected on the day of mating (n = 6) was 24-6 ± 4-3 ng/ml.
Discussion
The results obtained in this study indicate that oestrus can be induced in camels with PMSG during seasonal anoestrus. Variability in serum oestradiol concentrations amongst the animals treated with PMSG probably reflected variability in the ovarian response. The action of PMSG has been well studied in different species including the ewe (Dott, Hay, Cran & Moor, 1979), rat (de Reviers & Mauleon, 1973) , and heifer (Moniaux, Chupín & Saumande, 1983; Monniaux, Mariana & Gibson, 1984) , but no data are available for the camel, except for the observations by Yuzlikaev & Akhmediev (1965) who reported that injection with PMSG during the breeding season induced oestrus and resulted in a 100% calving rate.
Oestradiol levels reported here for the control and fertile mated camels were higher than those observed in heifers injected with PMSG (Monniaux et ai, 1983) . As in cattle (Staigmiller, 1982) , no correlation was noted between the numbers of mature follicles and the serum oestradiol concentration. The variability in the number of mature follicles observed (Text- fig. 1 ) is probably due to individual characteristics of the animals. There is more than one mature follicle in 18% of camels (Nawito et ai, 1967) . This suggests that regulation of follicular growth differs between camels, as reported for heifers (Monniaux et ai, 1983) . It was possible to palpate mature follicles 10 days after PMSG injection (Text- fig. 1 ), because the follicles in unmated camels remained unchanged for 10-13 days after reaching maturity (Musa & Abusineina, 1978b; Elias et ai, 1984b) . Recurrence of the signs of oestrus (1-3 times) between 2 and 16 days after injection suggests that follicular activity is continuous, similar to the "follicular wave" described in the breeding season (Shalash, 1965 (Shalash, , 1980 Nawito et ai, 1967) .
The interruption of pregnancy at 50-60 days after mating was probably provoked by the drop in the level of progesterone (Text- fig. 2b ) from the short-lived CL that formed after injection with PMSG in seasonal anoestrus. The same phenomena occurred after injection of hCG during the breeding season, with subsequent disappearance of the CL at Day 32 post coitum (Nawito et ai, 1967) . This weak functioning and the short duration of progesterone synthesis during seasonal anoestrus adversely affects the implantation of the embryo, causing degeneration 50-60 days after fertile mating. If we consider the correlation between the length of pregnancy in the dromedary camel (399 ± 2-1 days: Mehta, Prakash & Singh, 1962) and embryo size, the embryo size at Day 50 should be 8-10 cm. This is similar to the size of the horse embryo at 30-50 days (gestation period 340 days) (Arthur, 1975) . Embryonic mortality appears to be a major cause of low fertility in the camel (Nawito et ai, 1967; Shalash, 1980) but little is known about this problem (Novoa, 1970) . Shalash (1965) showed that the CL in the camel is formed only during pregnancy and found a few animals in which the cervix was patent. Novoa (1970) suggested that cervical patency occurred in pseudopregnant animals, but pseudopregnancy in the camel has not been described in the literature.
The increase in serum testosterone concentrations in the male coincided with the time of oestrus of the females after PMSG injection. The occurrence of spermatogenesis (Friedlander et ai, 1984) and steroidogenesis (Bedrak et ai, 1983) in the testes of the camel during the non-breeding season suggests that, if given the proper stimulus (such as that provoked by the female camels injected with PMSG in the present study), the male should be able to breed. Indeed the high levels of testosterone in the serum and in the secretion of the neck-glands confirm that the male camel used in this study was sexually active. Also, the motility of spermatozoa increased with consecutive matings. The male camel's response to females in oestrus is more rapid than that of other seasonally breeding species. Moreover, in the non-mating season the male camel reduced spermatogenesis, but never complete aspermatogenesis (Bodenheimer, 1954; Volcani, 1954; Charnot, 1964; Nawito et al., 1967; Friedlander et ai, 1984) (Novoa, 1970) .
In conclusion, our study showed that PMSG is able to induce a fertile oestrus in the camel during the last part of seasonal anoestrus, but the ensuing pregnancy is not maintained. It is possible that replacement therapy with progesterone (to supplement the inadequate functioning of the CL) shortly after mating would permit maintenance of early pregnancy.
